A detailed analysis of optical photometry for 51 Small Magellanic Cloud Be/X-ray pulsars has been undertaken with the goal of better understanding their modes of variability. Because two pulsars are tentatively associated with the same optical counterpart, the photometric behaviour of 50 unique sources is discussed. We find that 22 systems show signatures consistent with orbital periods, and 29 systems exhibit non-radial pulsations (6 of these sources show both types of variation). No clear photometric period could be identified for five systems. There is a slight tendency for optical pulsations to be found in redder and/or fainter systems, while the orbital periods do not depend on system colour or magnitude. The period analysis of some sources is complicated by the presence of a changing pulsation period or by a period that is shorter than the daily sampling interval in the photometric surveys. We use synthetic data sets to illustrate the difficulty in solving these problems. Consequently, for a few systems, we find that previously determined 'orbital' periods are most likely aliases of non-radial pulsation periods.
I N T RO D U C T I O N
The goals of this paper are to determine optical periodicities of clearly identified Be/X-ray pulsars in the Small Magellanic Cloud (SMC) and to investigate what these values tell us about the system properties. We use the designation SXP (SMC X-ray Pulsars, introduced by Coe et al. 2005 ) as a primary identifier. The positions and some identifications for these sources are given on Coe's website (www.astro.soton.ac.uk/∼mjc/smc).
The Be/X-ray binaries are thought to be systems in which a neutron star orbits a Be star. Periodic optical variability can occur on several time-scales. If the neutron star pierces the outer envelope of the Be star, then recurring (possibly large) outbursts can be used to define the orbital period. In addition, some Be stars show intrinsic, short-period variations of low amplitude that are associated with non-radial pulsations (NRP) of the primary star (e.g. Balona & James 2002; Porter & Rivinius 2003; Balona 2010) . Pulsations like these are common in the hot stars of young clusters. For example, Schmidtke, Chobanian & Cowley (2008) found that 30 per cent of previously known Be stars in NGC 330 exhibited NRP, with periods between 0.2 and 1.7 d. E-mail: Paul.Schmidtke@asu.edu
The optical photometry comes from the MACHO (Alcock et al. 1997) , OGLE-II (Udalski, Kubiak & Szymanski 1997 ) and OGLE-III projects (Udalski 2003) , as available. For a few sources, additional data from phase IV of the OGLE project have been used to clarify the interpretation of results. We have re-examined all data in a uniform way and reference previous studies. Plots of the long-term light curves are not shown here as they are already in the literature or available on the OGLE XROM website (Udalski 2008) . A number of sources show extreme variations in optical brightness over weeks, months or years, similar to the highly variable SMC Be stars studied by Mennickent et al. (2002) . We refer to them as 'swoopers'. Other sources that show smooth, long-term variations (usually not strictly periodic), but with amplitudes of only a few tenths of a magnitude, we call 'mild swoopers'. Table 1 lists optical identifications, magnitudes and colours of the SXP sources studied. In both the text and tables, [MA93] refers to objects in the catalogue of Hα emission-line stars in the SMC by Meyssonnier & Azzopardi (1993) . We note that three sources (SXP0.09, SXP0.92 and SXP3.34) are discussed in the text but not included in our tables because of uncertainty about their X-ray pulsations or optical identifications. Galache et al. (2008) studied the X-ray variability of most of these pulsars using approximately nine years of Rossi X-ray Timing Explorer (RXTE) data. Our Table 2 lists both optical and X-ray periods. Laycock et al. (2010) identified several new pulsars and Optical Periods in SMC Be/X-ray Binaries 253 a SXP = Small Magellanic Cloud X-ray pulsar, as defined by Coe et al. (2005) ; numbers are X-ray pulse periods in seconds. b [MA93] from catalogue of Meyssonnier & Azzopardi (1993) ; [M2002]SMC from survey by Massey (2002) . c Magnitude range from OGLE-III (XROM) data, unless otherwise footnoted. d Magnitude and colour from Massey (2002) , unless otherwise footnoted. e Magnitude range from OGLE-II data. f Magnitude range from Townsend et al. (2011a) . g Magnitude and colour from Zaritsky et al. (2002) . 
ANALYSIS OF DATA
For each source in Table 1 , long-term trends in the optical photometry were removed by subtracting low-order polynomial fits from selected segments of the data. Hereafter, we denote these detrended (flattened) values with an asterisk, e.g. I .
Periodic signals in the flattened data were found using several techniques. From Lomb-Scargle periodograms (Horne & Baliunas 1986) , covering a range of periods from 0.2 to 1000 d, we identified the most likely sinusoidal signals whose periods were refined by calculating least-squares fits to the data. For sources with prominent orbital outbursts, in which the variations were decidedly nonsinusoidal, improved periods were found using the phase dispersion minimization (PDM) technique described by Stellingwerf (1978) . Our results are summarized in Table 2 , and individual systems are discussed below.
The uncertainties for orbital periods given in the table were evaluated in uniform manner by requiring phase coherence over the duration of the data train. Hence, systems with a narrow outburst (e.g. SXP756), or an outburst with prominent structure (e.g. SXP327), have small values for the period uncertainty. In contrast, systems with a long, featureless outburst (e.g. SXP91.1) have larger uncertainties.
In Appendix A, we demonstrate how a short-period signal can be found in an undersampled data set and how a variable period can effect the relative strengths of peaks in a periodogram. In many of the SXP sources studied here, we find a low-amplitude signal (sometimes multiple) with a short period (generally about 0.3-1.3 d) and sinusoidal shape. These are likely caused by non-radial pulsations of the Be star. Optical periodicities like these are often found in Be stars.
Some NRP identified here are persistent throughout the ∼18-year interval covered by the MACHO, OGLE-II and -III projects while others are transient in nature. Uncertainties for the optical pulsation periods were obtained from sine-wave fitting statistics, with typical values between 6 × 10 −6 and 3 × 10 −4 d. Since these values are less than the precision of NRP periods listed in Table 2 and stated throughout the text, uncertainties for individual systems are not given.
I N D I V I D UA L B E / X -R AY P U L S A R S Y S T E M S
3.1 SXP0.09 = AX J0043−737 SXP0.09 was discovered by , but no further X-ray detections have been published. It is also unclear if the optical star marked in XROM is the correct identification. The I-band light curve of that star is nearly flat. From OGLE-II data, we find no evidence of either short or long periods. OGLE-III photometry shows power at 0.93 d and its alias at 13.3 d, but only in season 5 and with a very low amplitude. RCU11 report some power at P ∼ 247 d using OGLE-III data. We also see a peak at ∼250 d in our power spectra, but the resulting amplitude is very weak (0.006 mag) and its alias is so near to 1 d that we suggest it is likely due to the data sampling interval. Because of the uncertainty about both X-ray pulsations and optical identification, we have not included this source in our tables.
SXP0.92(?) = PSR J0045−7319
PSR J0045−7318 was discovered as a radio pulsar in the SMC by Ables et al. (1987) . Kaspi et al. (1994) showed it to be in a highly eccentric (e = 0.81) binary with a 51-d orbital period. Work by Bell et al. (1995) further refined the orbital elements, confirmed Kaspi's optical identification with an SMC B1 V star, and derived masses for both components.
We have examined this system in MACHO 'red' data, OGLE-II and -III data. The OGLE light curves are very flat, with mean I ∼ 16.2. There is no evidence of any periodicity either in the overall data sets or in individual seasons. Furthermore, when the data are folded on the known orbital period, the resulting light curve is flat. Galache et al. (2008) only detected this system once in X-rays, and no X-ray periods were identified. In spite of the close approach of the two stars at periastron, no signature of an orbital period was found either in X-ray or optical data. Since this system is not known as an X-ray pulsar, it is not included in the tables.
3.3 SXP2.37 = SMC X-2 = RX J0054.5−7340 SMC X-2 is one of the first X-ray sources discovered in the SMC (Li, Jernigan & Clark 1977) . It has been long known to be identified with a 14th magnitude Oe star. Murdin, Morton & Thomas (1979) showed that there were two early-type stars only a few arcseconds apart (see fig. 3 in Schmidtke, Cowley & Udalski 2006, hereafter SCU06) , so there was some uncertainty about the true identification. However, the brighter, northern component shows a long-term light curve with swooping behaviour typical of many Be/X-ray pulsars, so we and other authors have concluded that this is the likely the optical counterpart.
In an analysis of the first five seasons of OGLE-III data, SCU06 found no clear optical periods. Using additional data from seasons 6 and 7, found a period of 18.62 ± 0.02 d (with possible harmonics at 9.31 and 6.21 d) that they interpreted as the orbital period. From the full OGLE-III data set, RCU11 determined P = 18.58 ± 0.003 d and its harmonics. Bird et al. (2012) discussed the same set of long-period signals, but listed P = 9.30 ± 0.01 d in their table 2. Recently, Townsend et al. (2011b) used X-ray pulse-timing analysis to derive P = 18.38 ± 0.02 d (see their fig. 2 ).
Our new analysis includes seasons 6, 7 and 8 of OGLE-III data, when the source was bright (I ∼ 14.7). The top panel of Fig. 1 shows the power spectrum for these observations. In addition to peaks at 18.6, 9.31 and 6.21 d, there are ones of nearly comparable strength at their short-period aliases that are discussed below. Upon closer examination, we find all of the long periods vary from one season to the next. The 6-d periodicity changes from 6.09 to 6.22 d, while the one at 9 d varies between 9.19 and 9.36 d. Both signals are present in all three seasons of the data. The 18-d periodicity, however, appears only in seasons 6 and 7, with P = 18.46 and P = 18.70 d, respectively. If the 18-d peak is the fundamental period, then the lack of a peak at 18 d in season 8 is difficult to reconcile with the presence of its 'harmonics' at 6 and 9 d. Furthermore, the shape of the light curve when folded on P ∼ 18 d shows considerable structure. While we cannot rule out a weak and transient orbital signature with a period of 18.6 d, this signal does not explain the presence of the many strong peaks in the periodogram.
Short-period NRP are a better model of the OGLE-III data, as suggested by Schmidtke, Cowley & Udalski (2009a) . The most prominent short-period peaks in the periodogram are near 0.859 and 0.901 d, with additional aliases at 1.192 and 1.117 d, respectively. Each signal varies in period from one season to the next, in the ranges 0.8576-0.8602 and 0.9003-0.9022 d. All of the short-period signals exhibit low-amplitude sinusoids, strengthening their interpretation as NRP (see the folded light curves in Fig. 1 ). We demonstrate in Appendix A that a sinusoidal signal with a variable short period can enhance the observed power of its long-period aliases. This appears to be the case for SMC X-2. An examination of the first season of OGLE-IV data (recently available on the XROM website) shows that the 0.859-d signal is the dominant one, whereas the 0.901-d period was strongest in some previous seasons. Further photometry and spectroscopy may better define this interesting system.
SXP2.76 = RX J0059.2−7138
This pulsar was discovered as a transient SMC X-ray source using ROSAT data (Hughes 1994) . It was subsequently identified with a Be star by . From the first five years of OGLE-III data, SCU06 found a period of 82.1 d, with I∼ 0.02 mag outbursts lasting ∼0.3P. They suggested this was the orbital period. Bird et al. (2012) gave P = 81.81 ± 0.06 d.
The full eight years of OGLE-III data show the light curve of SXP2.76 exhibits a slow (years), almost sinusoidal, variation (from I ∼ 13.75 to 13.9). Small outbursts are superimposed on the longterm variability. Using all the OGLE-III data, we refine the period to be P = 81.87 ± 0.12 d, with maximum light at JD 245 2189.4 ± 4.1. We agree with RCU11 that the outbursts weakened over the eight seasons, with the amplitude being only 0.005 mag in the last two years. The 81-d period is much longer than expected from the Corbet (1984) relation between pulse and orbital periods, suggesting that this pulsar may have been spun up during accretion episodes. No figure is given here since the SCU06 plots are so similar to those from the full OGLE-III results.
3.5 SXP3.34 = AX J0105−722 Yokogawa & Koyama (1998a) reported 3.34-s X-ray pulsations from the ASCA source AX J0105−722. Filipovic et al. (2000a) presented ROSAT contours resolving multiple sources within this field and suggested RX J0105.1−7211 corresponded to the ASCA source. However, examined extensive XMM-Newton observations of the field and found no evidence of X-ray pulsations from XMMU J010509.7−721146, which they identified with the ROSAT source. Hence, it is questionable whether there is an X-ray pulsar in this region, and thus we have not included it in our tables.
In the field of the ASCA source, there are several [MA93] stars (#1506, 1507, 1517). Filipovic et al. (2000a) Bird et al. (2012) find P = 10.7248 ± 0.0006 d. However, showed that this period was the weaker alias of a strong NRP at 1.099 d. Importantly, analysis shows that there are no optical candidates brighter than V = 18 within 9 arcsec of the X-ray position. Because of both the lack of confirmed X-ray pulsations and the uncertain optical identification, we have removed this source from our overall study. The XMM-Newton X-ray position allowed this source to be identified with a bright Be star (Haberl, Pietsch & Kahabka 2007) . OGLE and MACHO data show SXP6.85 to be a swooper which varies by more than 0.5 mag with a recurrence time of ∼658 d (see the longterm light curve in fig. 7 of McGowan et al. 2008) . The maximum brightness is fairly constant at R ∼ 14.5, while minimum varies considerably from R ∼ 14.7 to 15.2. The source is bluest at minimum light and reddest ∼100 d after maximum light (Schmidtke & Cowley 2007a ). This colour effect was also found by RCU11. The colour change might be due to brightening of a disc cooler than the Be star.
Using combined MACHO and OGLE-II data, Schmidtke & Cowley (2007a) found a weak periodicity near P = 24.8 d after removing the long-term behaviour. The folded light curve shows very weak outbursts with m = 0.02 mag and lasting ∼0.2P. This type of variability could be due to orbital motion of the neutron star through the disc surrounding the Be star. Analysis of the inter-outburst data showed no additional periods, such as pulsations. The first season of OGLE-IV data shows a weak periodicity at 25.0 d. McGowan et al. (2008) using OGLE-II and -III data noted a possible period at ∼114 d and a weaker one at ∼25.9 d, but concluded either may be spurious. Using similar data, RCU11 found an orbital period of 110.0 ± 0.2 d. From X-ray data, Galache et al. (2008) reported outbursts every 112.5 ± 0.5 d, or possibly some fraction of this. To further confuse the situation, Townsend et al. (2011b) determined an orbital solution based on RXTE pulse timings, finding P X = 21.9 ± 0.1 d and eccentricity e = 0.26. However, there is no evidence of this period in the optical data. With so many conflicting results, it is unclear which period is real, and thus no figure is given for this source. (Laycock et al. 2010 The position of this pulsar appears to be the same as that for SXP4693 (see Coe's Schmidtke & Cowley (2010) suggested that the alias at NRP = 0.730 d is the more likely period. The shape of the folded light curve is nearly sinusoidal throughout all 12 seasons of OGLE observations, but both the period and amplitude of these NRP change with time. The period varies by ∼1 per cent (between 0.7261 and 0.7328 d), while the amplitude ranges between 0.003 and 0.012 mag. Variations in a short period can enhance the relative power of a longer period alias (see explanation in Appendix A of this paper), which may be why McBride et al. selected the 2.7-d period. Fig. 2 shows the power spectrum and folded light curve from OGLE-III data for a mean NRP = 0.732 d. SMC X-3 is another of the original X-ray sources discovered in the SMC (Clark et al. 1978) . Its optical identification as an OB star (Pesch, Sanduleak & Philip 1977) was followed by a description of the Be star's spectrum (Crampton, Hutchings & Cowley 1978) , noting its similarity to the optical counterparts of some Galactic X-ray sources.
Analysis of MACHO 'red' and 'blue' data showed a strong periodicity with P = 44.86 d , which was assumed to be the orbital period of SMC X-3. The amplitude of the The outburst is strong and narrow, and it is preceded by a dip in intensity. Bottom: data from seasons 3-6, when the source was fainter. The profile is weaker and broader. Because there is no preceding dip, brightening occurs at an earlier phase compared to the narrow outbursts shown in the top.
outbursts was weaker in V (∼0.01 mag) than in R (∼0.02 mag), and the R light curve showed a dip before the peak of the outburst (see fig. 3 of Cowley & Schmidtke) . Coe et al. (2005) gave a period of 44.6 ± 0.2 d based on only MACHO 'red' data, while from OGLE data Bird et al. (2012) 
The OGLE-III light curve shows clear outbursts superimposed on a varying background. The outburst strength varies from season to season, having the greatest amplitude when the system is brightest (first two and last two seasons). From these data we have refined the orbital period to P = 44.94 ± 0.02 d with maximum light at JD 245 2562.7 ± 1.1. Fig. 3 presents two folded I light curves, the upper one for the bright seasons (1, 2, 7 and 8) and the lower for the fainter seasons (3, 4, 5 and 6). We note that when the source was bright, the peak is preceded by a dip in the brightness, as was seen in the MACHO R light curve. This dip is missing in the seasons when the source was fainter. The variation in the light-curve shape makes it difficult to determine the exact period. Our value of P = 44.94 d is the mean from a sinusoidal fit to all eight seasons. At its bright level, the outbursts have an amplitude of I ∼ 0.06 mag and duration ∼0.2P. Galache et al. (2008) found the X-ray period to be P X = 44.92 ± 0.06 d, with maximum at MJD 522 50.9 ± 1.4. The optical outbursts are in good agreement with this X-ray ephemeris.
SXP7.92 = AzV285?
This X-ray pulsar was discovered as a transient using RXTE data . In an attempt to refine its position, Coe et al. (2009a) obtained Swift observations of the field. They detected a single X-ray source, but its signal was too weak to confirm the 7.92-s X-ray pulsations. Based on the assumption that the X-ray source is the pulsar, Coe et al. analysed three stars near the Xray position. The brightest star, AzV285 (Azzopardi, Vigneau & Macquet 1975) , lies outside the 4 arcsec X-ray error box, while two fainter stars (B and C) lie just inside it. Zaritsky et al. (2002) gave colours for all three stars, and these were used by Coe et al. in their analysis. We have also carried out time series analyses of the same three stars, with somewhat different results.
AzV285 is a swooper, as can be seen in the XROM display of the light curve. Its colour is blue, with U − B = −1.21. Coe et al. (2009a) found P = 36.79 d, which they proposed as the binary's orbital period. Similarly, Bird et al. (2012) gave P = 35.61 ± 0.05 d. However, our analysis shows that the strongest power is at ∼1.026 d, with slightly weaker power at its 36.7-d alias. There are additional short-period aliases at 0.971, 0.506 d, etc. Fig. 4 shows both the periodogram and the light curve, folded on P = 1.026 d. When OGLE-II and -III seasons are investigated individually, we find that the short period varies between NRP ∼ 1.024 and 1.028 d. Thus, if all the data are used together, the short-period power is slightly reduced but power at its alias at 36.7 d is not changed significantly (see discussion of variable short periods in Appendix A). The amplitude of the short-period signal is also variable with I ∼ 0.03 mag in OGLE-II, but ∼0.12 mag in season 1 of OGLE-III. The system is similar to SXP707 which is described below in Section 3.48. We conclude that AzV285 undergoes NRP, as do many Be stars.
Observations from phase IV of the OGLE project support this interpretation. The brightness faded by 1 mag during the first two seasons, with noticeable low-amplitude variations superimposed. A periodogram shows the greatest power at 0.495 and 0.983 d, which are likely to be aliases of the 1.026-d periodicity found in the older data. We also note that the long-period alias for the OGLE-IV data is at P = 25.6 d, which is not consistent with the previously proposed 36.7-d period. Additional observations may reveal which of the (variable) short periods is indeed the primary signal.
Star B is quite red, with U − B = +0.33, making it unlikely to be the optical counterpart. A timing analysis does not reveal any significant photometric periods.
Star C is quite blue with U − B = −1.10, but it is somewhat fainter than expected (I ∼ 16.6) for a Be/X-ray pulsar in the SMC. Timing analysis for this star shows two strong periods at NRP = 0.588 and 0.267 d. The periodogram and folded light curves are Because it is still uncertain if the Swift X-ray source is the same as SXP7.92, we do not regard any of these three stars as a firm optical counterpart. SXP8.88 was discovered in ROSAT data by Israel et al. (1997) , and the optical counterpart, [MA93]506, was suggested by . The light curve shows this to be a swooper. Using OGLE-II and MACHO data found small outbursts with a possible period of ∼33 d superimposed on the strongly variable overall brightness. Analysis of flattened OGLE-III data shows a weak periodicity at P = 28.53 ± 0.03 d in seasons 2 and 8, when the system was at its brightest. Maximum light occurred at JD 245 2508.4 ± 2.9. The light curve folded on this period shows a very low amplitude ( I ∼ 0.01 mag). Similar results are reported by RCU11, who found power at P = 28.51 ± 0.01 d (see their fig.  11 ). No significant periodicities are present in the other OGLE-III seasons, which is why we do not show a figure. While by itself this period does not seem conclusive, we note that Galache et al. (2008) found an X-ray outburst period of P X = 28.47 ± 0.04 d, with This pulsar was discovered with ASCA observations by Imanishi, Yokogawa & Koyama (1998 ; also see Ueno et al. 2000) . However, there is confusion about this source since ROSAT observations show two X-ray emitters (RX J0049.2−7311 and RX J0049.5−7310) near the ASCA position. From archival Chandra data Laycock et al. (2010) found 893-s X-ray pulsations in RX J0049.5−7310 but no pulsations in RX J0049.2−7311. Haberl, Eger & Pietsch (2008a) found no pulsations in either source using XMM-Newton data.
A finding chart for the field of the ASCA source was given by Filipovic, Pietsch & Haberl (2000b) . In their fig. 3 , the upper-left error circle encloses the source now known as SXP893, which is identified with [MA93]300. The lower-right error circle encloses RX J0049.2−7311 and is presumed to be SXP9.13, in spite of the lack of pulsations in recent X-ray data. Coe et al. (2005) found an Hα emission-line star near this position. Galache et al. (2008) , referencing W. Edge's 2005 thesis, stated there is power at ∼20 and 40 d in OGLE data for this star.
We have examined the Coe et al. (2005) star in greater detail. Using MACHO and OGLE-II data sets, we find weak power at 0.95 or 1.02 d in different seasons. We note that these are aliases of the two periods suggested by Edge. Using OGLE-III data, we find weak power near ∼0. 
SXP11.48 (formerly SXP17.5) = IGR J01054−7253
This X-ray source was found to be a 17.5-s pulsar by Coe et al. (2009b) . They identified it with a V = 14.8 mag star whose OGLE-III light curve is highly variable with a range of over 1 mag. No optical periodicities were found. Subsequently, Corbet et al. (2009a) showed the correct X-ray pulse period to be 11.48 s. Using RXTE data, Townsend et al. (2009) determined the orbital period to be P X = 36.3 ± 0.4 d, with an eccentricity of e = 0.28. The star is not in MACHO nor OGLE-II data sets. In only one season of OGLE-III, Townsend et al. (2011a) found an optical period of P = 36.70 ± 0.03 d, when the source was very faint (I ∼ 15.8). We find no evidence of this period in the currently available OGLE-IV data. After flattening portions of the OGLE-II and -IV data we searched for periodic behaviour both when the source was bright and between outbursts. No significant periods were found in any of the data. Pulsations from this ROSAT source were discovered by Lamb et al. (1999) . Covino et al. (2001) gave a finding chart, overlaying the ROSAT-HRI X-ray position and marking the two optical counterparts suggested by Israel et al. (1999) . Star A, which is [MA93]552, lies closest to the then known X-ray position, although the slightly fainter Star B could not be excluded. The identification is complicated because there are two X-ray sources only 7.5 arcsec apart near the position (see discussion by Schurch et al. 2011) . The confusion was resolved by Laycock et al. (2010) who showed that weak 15.3-s X-ray pulsations were present in the source nearest to Star A. They did not detect any pulsations from the second X-ray source.
Light curves for both Star A and B are shown in fig. 5 of Schurch et al. (2011) . [MA93]552 shows an irregular light curve with a range of a few tenths of a magnitude which makes the data difficult to flatten. Using MACHO and OGLE-II data, found no periods in Star A. However, by including some OGLE-III data, Edge (2005) suggested a possible period of ∼75.1 d. RCU11 found P = 74.51 ± 0.05 d from combined OGLE-II and -III photometry, while Bird et al. (2012) gave P = 74.32 ± 0.03 d. Using both OGLE-II and -III data, we find power at P = 74.3 as well as at 0.984 d. In both cases, the folded light curves are sinusoidal with an amplitude of only ∼0.005 mag. Examination of individual seasons shows that both the amplitude and pulsation period are variable (from 0.9831 to 0.9896 d), causing the longer period to have greater power when all seasons are combined (see explanation in Appendix A). In addition, the first season of OGLE-IV data shows strong power at 0.990 d. Hence, we consider the mean NRP = 0.984 d to be the more likely period. The power spectrum and folded light curve are plotted in Fig. 7 .
We note that the behaviour of Star B, with large outbursts separated by hundreds of days, is seen in some other Be-star/X-ray binaries [e.g. SXP18.3 (see fig. 4 of RCU11) and SXP707]. However, since the second X-ray source near SXP15.3 is not known to be a pulsar, we do not consider it further in this paper.
SXP18.3 = XMMU J004911.4−724939 = XTE J0055−727
Corbet et al. (2003) first detected this transient X-ray pulsar using RXTE data. The source was identified with a V = 16.0 mag Be star by . XROM data show the source to be a swooper with a range of over a magnitude. found a period of 17.83 d in OGLE-III data, while from X-ray data Galache et al. (2008) gave P X = 17.73 ± 0.01 d. Adopting P = 17.79 d from an analysis of OGLE-III photometry, used RXTE data to derive an orbital solution in which the binary has a high eccentricity of e = 0.43. RCU11 examined both MACHO and OGLE data with somewhat different results. In MACHO and early OGLE photometry taken between the large outbursts, they found a period of 28.5 ± 0.01 d, with the folded light curve being sinusoidal. However, in subsequent OGLE-III data, when the source was bright, a modulation at P = 17.9 ± 0.01 d was present. Bird et al. (2012) found P = 17.79 ± 0.03 d.
From our analysis of OGLE-III seasons 4 and 5, where the shortterm variations appear largest, we find P = 17.80 ± 0.03 d. We note that the preceding and following seasons also show this period, but more weakly. Hence, the amplitude of the 17.8-d variation changes from season to season, as also found. The folded light curve for seasons 4 and 5 is shown in Fig. 8 , with maximum light occurring at JD 245 3303.0 ± 0.9. A comparison of this date to the X-ray ephemeris given by Galache et al. (2008) implies the optical outbursts occur at X-ray phase 0.92. The close agreement of phasing between optical and X-ray outbursts strengthens the suggestion that P orb ∼ 17.7-17.8 d.
However, from OGLE-II data, when the source was faint (between the large outbursts), we find the strongest peak in the periodogram is at NRP = 0.965 d. The light curve folded on this period is sinusoidal, as shown in Fig. 8 . A weaker alias is also present at P ∼ 29.0 d, near the value discussed by RCU11. We note that MACHO data clearly show the system to be reddest when bright, suggesting that the Be star's increasing disc is responsible for the brightening and resulting in outbursts when the neutron star penetrates it. By contrast, when the system in faint and blue, one views the Be star more directly, and its NRP can be detected.
SXP22.1 = RX J0117.6−7330 = [MA93]1845
This X-ray source was originally found in ROSAT data by Clark, Remillard & Woo (1996) , and the optical identification with a Be star in the SMC was made by Charles, Southwell & O'Donoghue (1996) . Macomb et al. (1999) discovered the X-ray pulsations in this source. The optical light curve shows the system to be a mild swooper. Analysing the first five seasons of OGLE-III data, SCU06 were unable to identify any clear photometric periods. However, using all OGLE-III data, RCU11 suggested a period of 75.97 ± 0.06 d, with the amplitude being more pronounced when the source was bright. However, Bird et al. (2012) found P = 83.7 ± 0.1 d.
Our analysis of the same OGLE-III data reveals conflicting results, with either a long period of P ∼ 77.3 d or a variable short period at NRP ∼ 0.986 d. The latter varies from season to season, with the pulsation period increasing from 0.983 to 0.989 d, a range that covers the aliases of all previously suggested long periods. The light curve, folded on either the short or long period, is sinusoidal with a full amplitude of only ∼0.008 mag. We prefer the interpretation of NRP with a slowly changing period, since a variable short period tends to enhance the power of its long-period alias (see Appendix A) and the folded long-period light curve does not resemble orbital outbursts.
SXP25.5 = XMMU J004814.1−731003
Using archival ROSAT-PCA data, Lamb et al. (2002) found 25.5-s X-ray pulsations, but their exact location and optical identification were not made until the XMM-Newton observations by Haberl et al. (2008b) . We note that Coe's website suggests that SXP25.5 may be the same X-ray source as SXP51.0, whose position is unknown. Galache et al. (2008) also mention the ambiguity between these two sources.
Based on MACHO and OGLE-II light curves, Schmidtke & Cowley (2008a) found strong NRP at NRP = 0.598 d ( I ∼ 0.03 mag). The 0.598-d period persisted in the first four seasons of OGLE-III, but with a smaller amplitude ( I ∼ 0.02 mag). In Fig. 9 , we plot the periodogram and folded light curve based on combined MACHO and OGLE-III data. In the first two seasons of OGLE-IV, the 0.598-d period completely disappeared, and two new periods appeared at 1.095 and 0.847 d. This behaviour is similar to that seen in SXP701. We note that RCU11 reported an orbital period of 22.50 ± 0.01 d and Bird et al. (2012) gave 22.53 ± 0.01 d. We find no evidence for this period.
3.18 SXP31.0 = XTE J0111.2−7317 = RX J011.2−7317 Chakrabarty et al. (1998) discovered this pulsar in RXTE data. The optical identification with a Be star was made by Coe, Haigh & Reig (2000) . From the first five seasons of OGLE-III data, SCU06 found outbursts with an orbital period of 90.4 d (see their fig. 6 ). Analysis of all eight seasons confirms these outbursts persisted throughout OGLE-III observations. The full data set gives an improved period of 90.57 ± 0.09 d, which agrees with the periods found by RCU11 and Bird et al. (2012) . Maximum light is at JD 245 3080.7 ± 2.7. The folded light curve shows an outburst (typically I ∼ 0.04 mag) with a rapid rise followed by a slow decline in brightness lasting ∼0.5P (see fig. 6 in SCU06). The pulse period of this X-ray source was found by Corbet et al. (1998) . It was long thought to be associated with 'Star B' from Buckley et al. (2001) , and this was confirmed by Swift observations (Sturm et al. 2010) . The OGLE light curve shows the source is a mild swooper. From seven seasons of OGLE-III data, Schmidtke, Cowley & Udalski (2007) found the optical period to be either 138.4 or 69.2 d, with outbursts of I ∼ 0.06 mag in some seasons. McGowan et al. (2008) concluded P ∼ 136 d (with slightly different results depending on the method of analysis) from six OGLE-III seasons. They noted the folded light curve exhibits a double-peaked structure that is most pronounced in the first three seasons. Galache et al. (2008) gave an X-ray period of P X = 137.36 ± 0.35 d. McGowan et al. demonstrated that the optical and X-ray outbursts are coincident, strongly suggesting this is the orbital period. They also showed that the X-ray pulse period has decreased over the past decade to 46.4 s. RCU11 found P = 136.4 ± 0.2 d and noted a second periodicity near 17.2 d, which they suggested may be due to the separation of double peaks in the outburst. Bird et al. (2012) gave P = 137.4 ± 0.2 d.
Our study of the six brightest OGLE-III seasons (1-3 and 6-8) shows the best-fitting optical period, based on PDM analysis, is P = 137.97 ± 0.17 d with maximum light at JD 245 2706 ± 4.1. In Fig.  10 , we plot the PDM and folded light curves, comparing the first three and last three seasons of data. The double-peaked structure of the outburst (separated by ∼17 d, as suggested by RCU11) is clearly present in the former seasons, while only a weak single peak is found in the latter. Using RXTE data, Marshall et al. (1998) discovered 58.9-s X-ray pulsations. Stevens, Coe & Buckley (1999) associated the source with a Be star in the SMC. Coe & Orosz (2000) found this star to exhibit a period of 14.26 d in early OGLE-II data, but noted that the folded light curve showed only very low-amplitude sinusoidal variations. This period is most likely an alias of one of the NRP discussed below.
The system is a mild swooper in MACHO, OGLE-II and -III photometry. Using OGLE-II and MACHO data, Schmidtke & Cowley (2005) noted peaks in the periodogram at 20, 30 and 60 d, with P = 60.2 d being preferred. However, the resulting light curve had a very unusual shape (see their fig. 9 ). RCU11 found a similarly odd folded light curve with a period of 62.15 ± 0.04 d. RXTE data gave P X = 122.10 ± 0.38 d ), but there is no evidence of this period in the OGLE data sets.
A reanalysis of detrended OGLE-II data reveals two short periods are present at NRP = 0.938 and 0.952 d, plus their longer period aliases. Individual seasons give somewhat different values, indicating that the pulsation periods are variable in both frequency and amplitude. When these short periods beat against each other, a peak near ∼60 d is produced in the periodogram. Hence, we are now convinced that the optical data do not display a long period, but instead variable NRP are sometimes present. In Fig. 11 , we plot the periodogram and folded light curves from OGLE-II data. We note that NRP = 0.938 d are also present in MACHO photometry.
A new analysis of OGLE-III data shows that both pulsation periods from OGLE-II had weakened considerably and that NRP = 0.977 d (and its alias near 42 d) appeared in the first two seasons. In subsequent seasons no strong periods are present.
SXP65.8 = CXOU J010712.6−723533 = [MA93]1619
The 65.8-s X-ray pulse period of this source was found by Schurch et al. (2007) . The position is coincident with [MA93]1619, a 15th magnitude emission-line star in the SMC. The MACHO and OGLE-II light curves show small variations (near R = 15.75 and I = 15.85, respectively). Schmidtke & Cowley (2007b) found a 110.6-d periodicity in these data, which they suggested might be the orbital period. Bird et al. (2012) gave a similar period, P = 111.04 ± 0.15 d. The star falls between chips of the OGLE-III detector, so no information from that survey is available.
Observations from the first three seasons of OGLE-IV data show a slight fading (from I ∼ 15.85 to ∼15.95) with distinct, recurring outbursts. Combining the older data sets (MACHO R after JD 245 0600 and OGLE-II I) with the most recent observations (OGLE-IV I up to JD 245 6239), we obtain a revised orbital period of 110.74 ± 0.11 d, with maximum light at JD 245 6000 ± 2. The PDM and folded light curves are shown in Fig. 12 . There has been considerable change in the general shape of the light curve over the course of ∼15.5 year. The MACHO and OGLE-II data show very weak outbursts ( m ∼ 0.03 mag), with a moderately fast rise followed by a more gradual decline. In OGLE-IV observations, however, the outbursts are quite strong ( I ∼ 0.15 mag) and relatively narrow (∼0.1P). The inter-outburst data (for phases 0.30-0.68) were searched for short-period variations, but none was found. We also note the set of faint data points near phase 0.70. These dips come from four different orbital cycles; hence, their coherence implies that they are likely to be a real signal, possibly a very narrow occultation (<0.01P). In addition to the outbursts and dips, the shape of the underlying light curve shows two broad minima, at phases 0.1 and 0.7, which may be caused by distortions of the extended Be star's disc. Further spectroscopy could be helpful in determining the nature of SXP65.8. X-ray pulses were found by both Corbet et al. (1998) and Yokogawa & Koyama (1998b) . The optical counterpart is Star 1 in Stevens et al. (1999) . In each observing season the source shows an ∼0.1 mag range superimposed on a multiyear smooth variation. Analysis of OGLE-II and MACHO revealed P = 33.4 d (Schmidtke & Cowley 2005; also Edge 2005) . From combined OGLE-II and -III data we find P = 33.37 ± 0.01 d with maximum light at JD 245 3003.9 ± 1.7. The folded light curve (Fig. 13) has a weak outburst (∼0.04 mag) lasting about 0.2P. The results given by both RCU11 and Bird et al. (2012) are very similar. From X-ray data Townsend et al. (2011b) derived an orbital solution with a high eccentricity (e = 0.4), using the optical value of P orb = 33.38 d.
However, RXTE data show a weak period at P X = 61.6 d . These authors state that X-ray data show no clear modulation on the 33-d optical period. Similarly, there is no evidence of the 61.6-d period in the optical data. X-ray pulses from this source were first detected in RXTE data by Corbet et al. (2002) , and the optical counterpart was found by Edge et al. (2003) using a more precise Chandra X-ray position. Galache et al. (2008) suggested P X = 362.3 ± 4.1 d from nine years of monitoring with RXTE. However, the optical photometry folded on this ephemeris does not produce any significant periodic variation. The source was not detected in 2006 Chandra X-ray observations (Laycock et al. 2010) .
MACHO data show that the optical counterpart was bright (R ∼ 15) during the first five year of observation, after which the source began to fade. Strong NRP at 1.328 d with a full amplitude of R ∼ 0.04 mag were present at the start of the MACHO data, but these modulations gradually became weaker and disappeared as the source became fainter (Schmidtke & Cowley 2005) . In addition, they found no photometric evidence of an orbital period up to 1000 d. During the OGLE-II and -III observing projects the source exhibited swooping behaviour. Our analysis of detrended data shows no significant periods, although a very weak signal is present near 128 d. Optical photometry, folded on the Galache et al. (2008) 362-d ephemeris, shows only scatter. RCU11 report a period of 171 ± 1 d in OGLE-III data that our analysis does not support. Galache et al. (2008) commented (from a private communication) that Edge reported a 'strong modulation' in OGLE data at ∼380 d. However, the optical observations have large annual gaps that result in very non-uniform phase coverage. Hence, it is very difficult to confirm periods near one year. The period of this X-ray pulsar has changed considerably since its discovery by Corbet et al. (1998) , who found its pulsation period to be 91.1 s. Later Galache et al. (2008) suggested that SXP89.0 is the same pulsar as SXP91.1, but spun up. They showed that SXP89.0 had P X = 87.6 ± 0.3 d with many outbursts. From OGLE data Bird et al. (2012) gave P = 88.37 ± 0.03 d. Coe et al. (2011a) announced that SXP85.4 is also the same source as SXP91.1, and they displayed a plot showing how the pulsar's spin changed over time.
The optical counterpart is an Hα-bright star, as noted by Stevens et al. (1999) . Analysis of MACHO data showed a pronounced period at 88.25 d . They also found a second period at 6.2 d which they called 'quasi-periodic' variations. However, subsequent analysis of the OGLE-III data has altered the interpretation of this periodicity.
The OGLE-III light curve shows outbursts every ∼88 d. A new PDM analysis of the full data set gives P = 88.43 ± 0.09 d with maximum light at JD 245 2964.0 ± 2.7. The X-ray maxima reported by Galache et al. (2008) The XROM light curve shows the source remained quite flat for the eight years of observation. Using both MACHO and the full OGLE-III data set, Schmidtke & Cowley (2007b) with a duration of ∼0.2P, suggesting it may be the orbital period. A search for additional optical periodicities in the inter-outburst phases revealed none. However, later years showed periods in the range of 220-260 d. The light curves, folded on any of the possible periods are sinusoidal, suggesting that they are not orbital. We concluded that each of the 'periods' was likely related either to length of the seasonal data trains or to gaps in the data .
The OGLE-III photometry shows this pulsar to be a mild swooper. Analysis of OGLE-III data reveals NRP = 0.933 d in seasons 2, 3 and 8, which are the years when the source was brightest. The folded light curve for these seasons shows sinusoidal behaviour with I ∼ 0.02 mag (see Fig. 15 ). This period was not present when the system was faint.
Using RXTE data Galache et al. (2008) found a weak periodicity at P X = 103.6 d, which differs from any suggested optical period. OGLE-III data confirm the swooping behaviour of SXP140. Due to the large brightness changes in most seasons, it is difficult to remove the long-term variations. However, the flattened data reveal no significant periods, and the possible period of ∼197 d by is not confirmed using OGLE-III photometry.
SXP152 = CXOU J005750.3−720756 = [MA93]1038
Using Chandra data, Macomb et al. (2003) found this 152-s pulsar. They identified it with the emission-line star [MA93]1038. Analysis of the first five seasons of OGLE-III data revealed no consistent periods (SCU06), and adding seasons 6-8 also showed no clear periodicities. However, two seasons of OGLE-IV data, when the source was fainter, show tentative periods near 1.026 d or its alias at 36.28 d. The light curve on either period is sinusoidal with an amplitude of I ∼0.01 mag. The shape of the folded light curve suggests the variations are due to NRP of the Be star at the shorter period.
SXP169/SXP165 = XTE J0054−720 = AX J0052.9−7158 = [MA93]623
The 169.3-s X-ray pulsations from this source were first detected by Lochner et al. (1998) from RXTE observations. Galache et al. (2005) noted that SXP165, originally announced as a new pulsar by Corbet et al. (2004a) , and SXP169 are the same source but spun up by 3 s over 7.5 years.
SXP169 shows a slight downward trend during the eight OGLE-III seasons. From the first five years of OGLE-III data, SCU06 found P = 67.6 d, with outbursts of I = 0.02 mag, while more recently Bird et al. (2012) gave P = 68.37 ± 0.07 d. Using RXTE data Galache et al. (2008) derived P X = 68.54 ± 0.15 d, in good agreement with the optical data, which suggests that this is the orbital period. Our reanalysis including the final three OGLE-III seasons gives an improved optical period of 68.49 ± 0.08 d, with maximum light at JD 245 3060.5 ± 3.4. The optical and X-ray outbursts are coincident within their respective timing errors (<0.03 in phase). Examining the OGLE-III observations between outbursts, The OGLE-II light curve for this source shows mild swooping behaviour (see fig. 1 of . A PDM analysis of the first two seasons indicated a period of 69.9 d, but this was strongly influenced by a single outburst. An updated analysis of these data favours P ∼ 23 d or its alias at NRP ∼ 0.96 d.
In his thesis, showed that the 69-d period is not present in all OGLE data, and some other periods such as P ∼ 23 d are also seen. However, he concludes that P = 68.9 d may still be the orbital period, since his analysis of RXTE data gives a similar period of P X = 70.42 ± 0.15 d. Bird et al. (2012) also concluded that P = 68.78 ± 0.08 d.
Examining individual OGLE-III seasons, we find evidence for NRP ∼ 0.955 d (an alias of the ∼23-d period) in seasons 5-8, although we note its amplitude is only I ∼ 0.01 mag, as shown in Fig. 17 . MACHO and OGLE-II data for shorter periods that could be due to NRP, but none was found.
SXP202A = XMMU J005920.8−722316
Majid, Lamb & Macomb (2004) reported detection of 202-s X-ray pulsations in archival XMM-Newton data and identified the optical counterpart with a B0 star in the SMC.
The MACHO light curve shows that SXP202A is a mild swooper with irregular variations over a time-scale of a year or more. Smaller irregular variations are present in OGLE-II and -III data. The photometric behaviour of this pulsar was discussed by both Coe et al. (2005) and . Neither group found any evidence of periodic behaviour in MACHO or OGLE-II data. Analysis of all the detrended OGLE-III photometry similarly reveals no clear periods. Examination of each season by itself also shows no convincing periods. RCU11 reported a weak period at ∼71.9 d from MACHO and OGLE data, but the folded light curve is not convincing. Galache et al. (2008) also found no clear X-ray period, but noted that a ∼91-d period agrees with six X-ray outbursts since MJD 530 00.
SXP202B = XMMU J005929.0−723703 = [MA93]1147
This XMM-Newton source was found to be a X-ray pulsar by Haberl et al. (2008a) , who also identified it with the Be star [MA93]1147. MACHO and OGLE photometry of SXP202B shows it to be a mild swooper. determined the optical period to be P = 229.9 ± 0.9 d from OGLE-III photometry. From combined MACHO and OGLE data, confirmed the 229.9-d period, displaying both the periodogram and folded (outbursting) light curve. Bird et al. (2012) found P = 224.6 ± 0.5 d. However, because of the non-sinusoidal shape of the light curve, we have used a PDM analysis of the combined OGLE-II, OGLE-III and two seasons of OGLE-IV photometry. This gives an improved value for the period of P = 227.07 ± 0.18 d, with maximum light at JD 245 4273 ± 5. The folded light curve is shown in Fig. 18 . The outburst amplitude is greatest when the system is bright (OGLE-III seasons 4-8), suggesting that the disc is largest. RCU11 also noted that the amplitude is variable. Examination of data from phases between outbursts (phases 0.20-0.75) reveals no further periodicities, such as NRP.
SXP214 = XMMU J005011.2−730026
This X-ray pulsar was discovered by Coe et al. (2011b) in the XMM-Newton survey of the SMC. They identified a V ∼ 15 optical counterpart (present in MACHO, OGLE-II and -III data sets) that shows weak Hα emission. Using only OGLE-III data, these authors found a period of 4.520 d, which they stated is likely to be due to NRP of the Be star. Bird et al. (2012) argued that a variable period at ∼4.55 d is present. However, our analysis of MACHO and OGLE-II data shows that the strongest period is at NRP = 0.818 d (Schmidtke & Cowley 2011) , the much more prominent alias of the ∼4.5-d period. In Fig. 19 , we plot both the periodogram and folded (sinusoidal) light curve. While the period remains constant over approximately nine years, the amplitude changes. This is most noticeable in OGLE-II observations, where the amplitude doubled from I = 0.015 to 0.030 mag between seasons 1 and 3. Further increases in amplitude appear to be present in OGLE-III (see fig. 7 of Coe et al.) . These variations are even greater (up to I ∼ 0.1 mag) in early seasons of OGLE-IV photometry. Fig. 20 ), similar to SXP202B. The amplitude of the orbital outbursts is greatest when the source is brightest. A search for additional periods in the inter-outburst phases revealed no conclusive optical pulsations.
SXP280 = AX J0058−720 = XMM J005749.7−720238 = [MA93]1036
SXP280 was discovered as a X-ray pulsar in ASCA observations by Yokogawa & Koyama (1998c) and discussed more fully by Tsujimoto et al. (1999) . Comparing ASCA observations with Einstein and ROSAT archival data, these authors found the source varied by more than a factor of 10. Haberl & Sasaki (2000) identified the optical counterpart as the emission-line star [MA93]1036. Using XMM-Newton observations, showed that the pulse period spun down by ∼0.75 s yr −1 from 1998 to 2005. They pointed out that a spin-up in Be/X-ray systems is more common.
Photometric data for SXP280 are only available from OGLE-III. The long-term light curve shows that the source varies from I ∼ 15.2 to 15.4 with superimposed outbursts clearly evident. Using the first five seasons of data, SCU06 found P = 127.3 d, with outbursts lasting almost half the orbital period. However, in OGLE-III seasons 6-8, as the source faded, the outbursts became much weaker and are barely detected. RCU11 and Bird et al. (2012) reported similar results. This change in the light curve may indicate that the extended Be-star disc has decreased so that the neutron star only partially penetrates it. Galache et al. (2008) suggested a tentative X-ray period of P X = 64.8 ± 0.2 d, approximately half the optical period. Using XMM-Newton observations, Haberl et al. (2008a) discovered a 291-s X-ray pulsar. They identified it with RX J0058.2−7231, which was not previously known as a pulsar. They further suggested that it was probably the same as XTE J0051−727, a known 293-s pulsar (Corbet et al. 2004b ) that did not have a precise position. The optical identification and behaviour of RX J0058.2−7231 had been previously studied (Schmidtke, Cowley & Levenson 2003; Schmidtke et al. 2004) , although then the source was not known to be a pulsar. Schmidtke et al. (2003) found a prominent outburst period of 59.72 d, which is clearly seen in the long-term MACHO and OGLE-II observations. The folded light curve shows a rapid rise, followed by a dip just prior to maximum light, and a slower decline. Inter-outburst data show no additional short periods. More recently Bird et al. (2012) derived P = 59.726 ± 0.006 d.
We have now analysed the OGLE-III data, which exhibit the same clear bursting behaviour with I ∼ 0.1 mag around a mean of I ∼ 14.4. Using PDM analysis we find a period of P = 59.74 ± 0.03 d, in close agreement with previously determined values. Maximum light occurs at JD 245 2973.0 ± 1.2. The folded light curve is shown in Fig. 21 . As in earlier data, there is a dip during the outburst, similar to the folded light curve of SMC X-3 in its bright state. For SMC X-3 (see Section 3.8) we have noted that the shape of the folded light curve changes as the mean brightness varies. However, in the case of SXP291/293 there is only a small change in the mean brightness or light-curve shape with time. Galache et al. (2008) suggested a possible weak X-ray period at P X = 151 ± 1 d, which is not seen in the optical data.
SXP304 = RX J0101.0−7206 = CXOU J010102.7−720658 = [MA93]1240
In Chandra observations Macomb et al. (2003) discovered this 304-s X-ray pulsar and gave a precise position that indicated it is coincident with the Be star [MA93]1240. Based on this identification studied the MACHO and OGLE-II photometric behaviour of the system. They found that NRP = 0.26 d were present in most seasons, although both the strength and frequency varied (see their fig. 5 ). They also mentioned a possible weak period of ∼520 d, noting that more data were needed for confirmation.
We have now investigated the OGLE-III data set. The light curve is fairly flat with scatter of ∼0.04 mag. Using each season individually, we find no significant periodic variations in the first seven seasons. Season 8 again shows the NRP = 0.26 d pulsations seen in earlier data. Using the entire OGLE-III data set we find that the possible long period suggested by MACHO photometry is not confirmed. Yokogawa & Koyama (1998c) discovered this X-ray pulsar in ASCA observations of the SMC. The optical counterpart of the ROSAT source had been identified with the Be star [MA93]387 (Cowley et al. 1997) . From OGLE-II data Coe & Orosz (2000) found a period of 0.708 d, initially thought to be half the orbital period. Subsequently, Coe et al. (2002) showed that both the period and amplitude change with time. From an analysis of MACHO data Schmidtke & Cowley (2005) concluded that the 0.7-d period was likely due to NRP of the Be star. After removing the NRP signal from each season, they searched for long (orbital) periods up to 1000 d but found none.
SXP323 = DZ Tuc
We have now re-analysed the OGLE-II and -III data by season. Variation is seen in both the period and amplitude, with NRP = 0.7079 to 0.7086 d and amplitude from I ∼ 0.07 to 0.11 mag. After removing the NRP from each season we searched for long periods, finding only weak, unconvincing periods near 147 d and 250 d. There is no evidence in the optical data of the X-ray period (P X = 116.6 ± 0.6 d) reported by Galache et al. (2008) .
SXP327/325 = CXOU J005252.2−721715 = XMMU J005252.1−721715
This X-ray pulsar was discovered by Laycock et al. (2010) in Chandra data. identified the optical counterpart with MACHO star 207.16147.60. The pulsar was also found in XMMNewton observations with a 325-s period by Haberl et al. (2008a) . There are no OGLE-II data, but the source has been observed in OGLE-III. The mean brightness is approximately constant at I ∼ 16.8 with superimposed ∼0.3 mag outbursts. MACHO data show that the source faded from R ∼ 16.4 to 16.7 and became bluer during 7.5 years of observation (see Fig. 22 ). Outbursts are also present in the downward MACHO trend. The outbursts are colour dependent, being greatest in I and weakest in V.
Using both MACHO and OGLE-III data, found a period of 45.99 ± 0.03 d and showed that the folded light curve shape changes during seven years of OGLE-III data, with unexplained additional peaks appearing in later years. Coe et al. also showed that RXTE X-ray and optical outbursts are approximately correlated, suggesting that this is the orbital period. Bird et al. (2012) gave P = 45.93 ± 0.01 d.
We find a marginally different value for the period. Our PDM analysis of combined OGLE and MACHO data gives P = 46.019 ± 0.015 d. For ease in comparing our plots (Fig. 22) with those of Coe et al., we have used their T 0 . We find the shape of the folded light curve from MACHO data changes with time, as demonstrated using OGLE data. The upper-left panel of Fig. 22 shows the entire MACHO-R light curve and V − R colour curve. The other panels show the detrended, folded light curves from three different time segments (A, B and C) as well as the corresponding colour curves. Note that the system is bluest during outbursts.
Although the bright phases are referred to as 'outbursts' here and by , the deep minimum centred on phase ∼0.1 might alternately arise from an occultation of some region in the binary system. In this interpretation, the system as a whole becomes bluer during minimum, implying that the occulted light is quite red. Radial velocity data are needed to determine whether either interpretation is correct. From Beppo-SAX observations, Israel et al. (1998) discovered 345.2-s X-ray pulsations from this source. Subsequently Yokogawa & Koyama (1998d) , using archival ASCA data, found 348.9-s pulsations. No long periods were detected by Galache et al. (2008) in this low-luminosity source. Israel et al. (2000) associated the pulsar with the Be star [MA93]1367, which had originally been discussed by Hughes & Smith (1994) . Based on approximately two years of OGLE-II data, Coe & Orosz (2000) found no coherent signal in the period range of 1-50 d. Later, using the entire OGLE-II data set, suggested a tentative 93.9-d orbital period, with low-amplitude outbursts. (We note that the [MA93] number is incorrectly tabulated for this source by Schmidtke & Cowley.) RCU11 found a similar period of 94.4 d in OGLE-II data, but no periods in OGLE-III. During the last two seasons of OGLE-III observations, the source faded by ∼1 mag (see fig. 35 in RCU11) . OGLE-IV data show the system remains faint, at I ∼ 15.6.
A new period analysis of OGLE-II data with improved detrending shows the strongest power at NRP = 0.987 d, with somewhat less power at its 94.8-d alias. When folded on the preferred short period, the light curve is sinusoidal with I = 0.01 mag (see Fig. 23 ). However, in the first season of OGLE-IV, when the system is faint, the strongest power is at a period of 0.344 d, with an amplitude of I = 0.02 mag. There is no evidence in these data for a 94-d period. Further observations are needed for this source. From XMM-Newton data, 455-s X-ray pulsations were discovered by Sasaki et al. (2001) . In addition, they showed that the Be star [MA93] 1257 is the probable optical counterpart. Sasaki et al. (2003) later refined the pulse period to 452.2 s. The optical star has been observed in MACHO, OGLE-II, -III and -IV. The long-term light curves show that the system is a swooper with R = 15.5-15.7 (MACHO) and I = 15.3-15.7 (OGLE-II). Outbursts are clearly visible in the OGLE-II light curve, from which Schmidtke et al. (2004) found a period of 74.7 d. In OGLE-III data the source is generally fainter, mostly below I = 15.5, and there is no evidence for outbursts. In OGLE-IV data the mean brightness is I ∼ 15.3, and outbursts are again present. These outbursts have the greatest amplitude when the source is brightest. Combining OGLE-II and -IV data, we find P = 75.02 ± 0.04, with maximum light at JD 245 5792 ± 3 (see Fig. 24) .
In looking for possible high-frequency variations, we note that the MACHO inter-outburst data show NRP = 0. The X-ray pulse period of this source was independently discovered by Edge et al. (2004) and from Chandra and XMM-Newton data, respectively. An outburst period of P = 268.6 ± is not yet certain. Curiously, the OGLE-III light curve for SXP504 shows it to be nearly flat at I ∼ 14.7, and no strong periods are present. Perhaps the size of the Be-star disc has become smaller so that the neutron star no longer penetrates it.
SXP565 = CXOU J005736.2−721934 = [MA93]1020
This X-ray pulsar was discovered by Macomb et al. (2003) and identified with the emission-line star [MA93]1020. Using OGLE-II and MACHO data Schmidtke et al. (2004) found a period of 95.3 d, but this is not supported by later OGLE-III and -IV and RXTE data. Bird et al. (2012) gave an optical period of P = 152.4 ± 0.3 d, while Galache et al. (2008) reported an X-ray period of P X = 151.8 ± 1.0 d. OGLE-III observations have small changes in brightness (up to 0.06 mag) that are most prominent in seasons 1-3. Data from phase IV of the OGLE project (before JD 245 6240) show variations of similar amplitude. Using combined OGLE-II, -III and -IV observations, the strongest power in the periodogram is near 0.334 d. Although the period changes slightly (0.3340-0.3342), the signal is present in each phase of OGLE observing. When folded on the mean 0.334-d period, the light curve has a sinusoidal shape, as shown in Fig. 25 . There is no evidence in the combined data set for a 152-d signal. Instead, the most prominent long-period signal is at P = 84.0 d. Based on the long-term consistency, low amplitude and sinusoidal shape to the folded light curve, we conclude that NRP = 0.334 d is the best interpretation of the data. 
SXP645 = XMMU J005535.2−722906
SXP645 was discovered in XMM-Newton observations by Haberl et al. (2008a) . They identified the X-ray pulsar with MACHO star 207.16315.28, a highly variable (swooper) Be star. The MACHO light curve shows it at V = 14.6 for several years before it brightened suddenly by ∼0.8 mag. OGLE-II and -III data show similar large brightness changes. Schmidtke & Cowley (2008b) searched MACHO and OGLE-II data for periodic variations and found strong NRP at NRP = 0.416 d, but only when the system is faint. Although RCU11 found P = 135.4 ± 0.5 d, we see no evidence of this period in our analysis.
We have now analysed the OGLE-III data. NRP = 0.416 d are present only in season 1, also when the source was faint. The periodogram and folded light curve are shown in Fig. 26 . After the first OGLE-III season the system brightened by 0.8 mag, and NRP are no longer detected. We know from MACHO data that as the system brightens it becomes much redder, suggesting that the cooler disc outshines the Be star. This may also explain why the Be star's NRP are no longer seen. Analysis of season 1 of OGLE-III, after removing the 0. Schmidtke & Cowley (2005) found very weak power at ∼412 d in MACHO R photometry after removing the strong signal at 0.28 d. However, this period is not confirmed using OGLE-II and -III data. Instead, after removing both NRP signals, a weak third signal at NRP ∼ 0.99 d (with I ∼ 0.01 mag) is present. No X-ray periodicity was found by Galache et al. (2008) .
SXP707 = CXOU J010428.7−723134
SXP707 was discovered in archival Chandra data by Rajoelimanana, Charles & Udalski (2011b) . They identified the optical counterpart as MACHO star 206.16885.25, which shows two longduration outbursts up to 0.7 mag. From combined MACHO and OGLE photometry they found an orbital period of P orb = 37.15 ± 0.02 d.
We have studied MACHO and OGLE-II data (OGLE-III observations are not included in XROM) and find only a few seasons show evidence of any periodicity. Analysing the highest quality MACHO R data, only season 2 shows a clear period at either P = 0.974 d or its alias at 39.4 d. In each case the folded light curve is sinusoidal with a variable amplitude. The last five years of MACHO data show no clear periodicity. In OGLE-II data, only the first season shows a prominent period at P = 0.97 d (or its alias at 37.0 d). Again, the folded light curve is sinusoidal with an amplitude of ∼0.025 mag. Using all the flattened OGLE-II data we find the strongest power at NRP = 0.972 d, and a slightly weaker alias at P = 37.1 d. See Fig. 27 for a periodogram and folded light curve. Since the folded light curve is sinusoidal and both the period and amplitude change with time, we prefer an interpretation of Be star pulsations (NRP = 0.972 d) rather than orbital outbursts near ∼37 d. Furthermore, such a short orbital period would be inconsistent with the P spin versus P orb correlation suggested by Corbet (1984) . This behaviour is similar to that of SXP7.92 (see Section 3.9) for which Coe et al. (2009) found P = 36.8 d, but we prefer the pulsation period of 0.972 d, based in part on the sinusoidal shape of the light curve. This ROSAT source was optically identified with the emission-line star [MA93]1557 by Sasaki et al. (2003) . Later, using XMM-Newton data, Eger & Haberl (2008c) found it to be a 726-s X-ray pulsar. Using OGLE-II data they suggested photometric periods of ∼2.3 and 3.2 d, but Schmidtke & Cowley (2008b) showed that higher frequency aliases have greater power. Such short periods are likely due to NRP of the Be star. The periodogram from OGLE-II data is shown in Fig. 28 with peaks at NRP = 0.302 and 0.673 d marked. The other peaks are aliases of these periods. The folded light curves for each period are also plotted, with full amplitudes being 0.04 and 0.03 mag, respectively.
The OGLE-III light curve is nearly flat with a range of ∼0.07 mag. In this data set, only the shorter period pulsation is present. Its period may vary slightly from season to season (NRP = 0.3016 to 0.3020 d), and the amplitude is I ∼ 0.03 mag. The X-ray pulsations from this ASCA source were discovered by Yokogawa et al. (2000b) . Haberl & Sasaki (2000) identified the system with [MA93]315. found strong Hα emission from this star, indicating that the system is a Be/neutron star binary.
MACHO and OGLE data show very strong outbursts (up to m ∼ 0.5 mag) every 394 d, as discussed by , Schmidtke et al. (2004) and . Something near this value is almost certainly the orbital period of the system. Recently, Bird et al. (2012) gave P = 393.6 ± 1.2 d, while Galache et al. (2008) found X-ray outbursts with P X = 389.9 ± 7.0 d and T 0 = MJD 521 96.1 ± 3.9.
Using all OGLE-II and -III data, we determine an improved photometric period of P orb = 393.1 ± 0.4 d, with maximum light at JD 245 2980 ± 4. A comparison of ephemerides shows that the optical and X-ray outbursts are coincident, with a phase shift <0.01P. The folded light curve, plotted on this period, is shown in the top panel of Fig. 29 .
Both and Schmidtke et al. 2004 ) reported a second periodicity at ∼11 d in inter-outburst observations. Our periodogram for these data also shows a peak at 11.4 d, with additional peaks near 1.097, 0.917 and 0.522 d (see the middle panel of Fig. 29 ). The power of the strongest short-period alias, at 0.917 d, is nearly equal to that of the 11.4-d peak. The light curve folded on 0.917 d (see the bottom panel of the figure) is sinusoidal, which would be consistent with NRP of the Be star. Examining small segments of data we find that this period varies slightly, from NRP = 0.9139 to 0.9180 d. As demonstrated in Appendix A, small variations in a short period can cause its observed power to be reduced, while enhancing the relative strength of its long-period aliases. Although the periodogram from all OGLE data exhibits comparable power at 0.917 and 11.4 d, we conclude that the shorter period is the better choice. The field of this X-ray pulsar contains several sources whose initial positions were not precisely known (e.g. see fig. 3 of Filipovic et al. 2000b) , causing confusion with the optical identification. Schmidtke et al. (2004) analysed [MA93]300 using both MACHO and OGLE-II data, mistakenly identifying it with SXP9.13. However, XMMNewton observations by showed that XMMU J004929.9−731058 is the same as RX J0049.5−7310, which Filipovic et al. had identified with [MA93] 300. Using XMMNewton observations, Haberl et al. (2008a) detected this X-ray source but found no pulsations. Subsequently, using Chandra data, Laycock et al. (2010) found 894.4 ± 1.0-s X-ray pulsations, although they called the source as SXP892. We note that both Coe's website and XROM designate the pulsar as SXP893, which we use here.
The OGLE-III light curve rises slightly during eight seasons. Analysis reveals meaningful signals in the first three seasons of data, but these are not present in the subsequent five years. The top panel of Fig. 30 shows the periodogram for seasons 1-3, with strong peaks at 3.75, 1.359, 0.788 and 0.576 d that are aliases of one another. Closer examination shows the optical pulsations near 0.788 d vary between 0.7836 and 0.7885 d. As demonstrated in Appendix A, period variations like these can enhance the observed power of a long-period alias. Therefore, even though the 3.75-d peak is marginally stronger in the combined data, we prefer the short-period interpretation. The bottom panel of Fig. 30 shows a folded light curve for NRP = 0.788 d and an amplitude of I ∼ 0.017 mag. Bird et al. (2012) , searching for periods >2 d, gave P = 3.7434 ± 0.0005 d. Schmidtke et al. (2004) suggested a weak orbital period of 91.4 d from MACHO and OGLE-II data, but this value is not confirmed by OGLE-III observations. Instead, our periodogram suggests a possible long period of ∼182 d. When folded on this period, the data show only very weak (∼0.01 mag) outbursts lasting ∼0.2P. Further photometry would be needed to confirm this as the orbital period. This very slow X-ray pulsar was discovered by Haberl & Pietsch (2005) from XMM-Newton observations. It is identified with an emission-line star [MA93]1393. Using OGLE-II data showed the source exhibits three different pulsation periods (see their fig. 6 ). Analysis of OGLE-III data confirms this result. Sinusoidal variations are clearly present at periods of 0.886 and 0.961 d, plus a weaker signal at 0.412 d. Bird et al. (2012) reported finding power at P = 26.174 ± 0.002 d, which is an alias of our NRP = 0.961 d. We conclude that the 26-d period is unlikely to be the orbital period, as it is too short for such a slow pulsar (see Corbet 1984) , and the low-amplitude, sinusoidal shape is not typical for orbital light curves. 
SXP4693 = CXOU J005446.3−722523? = [MA93]798
This source is clearly confused with SXP6.88 (see Section 3.7) which appears to have the same position. It is unclear which X-ray pulsation period is correct. Laycock et al. (2010) , using Chandra data, found 4693-s X-ray pulsations, but McBride et al. (2007) 
R E S U LT S A N D S U M M A RY

Statistics of photometric periods
Part of the goal of this paper is not only to present our best assessment of the optical behaviour of the sources, but also to give some historical background which would allow the reader to compare our results with earlier work.
All 51 SXP studied in this paper are photometrically variable. Because two pulsars (SXP6.88 and SXP4693) are provisionally identified with the same optical counterpart, 50 unique sources have Downloaded from https://academic.oup.com/mnras/article-abstract/431/1/252/1041979 by guest on 24 January 2019 been examined. One problem in finding photometric periodicities is that some light curves with large variations can be difficult to flatten. For systems whose light curves revealed periodic behaviour, 22 (44 per cent) show periods that appear to be orbital, while 29 (58 per cent) show short-period pulsations. In some cases multiple and/or time-varying pulsation periods are present. In six systems, signatures of both orbital and pulsational periods are found. There are five sources in which no periodicities have been identified.
Most previous photometric studies of SXP were aimed at finding orbital periods, which might be used to help determine masses and orbital parameters. However, our results show that some previously claimed 'orbital' periods are aliases of the Be stars' pulsation periods. We note that NRP are well known in Be stars (e.g. Porter & Rivinius 2003 and Balona 2010) . In a study of hot stars in the SMC cluster NGC 330, Schmidtke et al. (2008) found NRP in 30 per cent of the previously identified Be stars, with periods between 0.2 and 1.7 d. All of the NRP found in this work fall within this range.
Recently, Bird et al. (2012) , determined values of the optical periods for 29 of the 50 systems studied in our paper. Of those in common, we are in good agreement with 19 of the long (orbital) periods listed in their table 2. However, for six of these sources, we find additional signatures of NRP. For another nine sources, Bird et al. derived long periods, while we prefer the interpretation of short periods (generally less than 1 d), indicating the presence of NRP from the Be star. In all of these cases, the folded light curves show low-amplitude sinusoids, rather than the typical bursting behaviour seen in most orbital light curves. We note that Bird et al. formally restricted their period searches to P>2 d, even though short-period pulsations are clearly present in many systems (e.g. SXP214, SXP323, SXP701).
Magnitudes and colours
In this study we find only a small dependence on colour and/or magnitude with the type of photometric variation the system exhibits. Fig. 32 is a colour-magnitude diagram based on the BV photometry listed in Table 1 . Because some sources are highly variable in magnitude and/or colour, we consider this plot to be only a rough snapshot of the stars' positions within the V versus B − V plane.
We divided the figure into four quadrants (defined by the median values V = 14.97 and B − V = −0.045) and tallied the number of systems according to the type of photometric variability. Although the statistics are small, there is a tendency for systems with NRP to outnumber those with orbital periods for sources that are redder and/or fainter than the median values. Only in the upper-left quadrant, containing the brightest and bluest sources, do we find an excess in the number with orbital periods relative to the number with NRP.
In Fig. 33 , we plot the orbital period as a function of system magnitude and colour. Different symbols are used to mark whether P orb is derived from optical or X-ray data and to denote the confidence associated with the determination. There is no clear dependence of P orb on either V or B − V. Plots of NRP versus the same parameters are not shown because, unlike the uniqueness of an orbital period, some systems show multiple and/or variable periods.
In an investigation of long-term variability of many of these systems, RCU11 showed that in most cases the outburst amplitude was greatest when the system was brightest, indicating that the Be star's disc may have been enlarged. The only case in their study that did not agree with this finding was SXP7.92, a system for which we suggest that the optical identification is not well established. 
Doubled-peaked outbursts
Among those systems whose light curves reveal an orbital period, a few exhibit double-peaked outbursts [e.g. SXP7.78 (SMC X-3), SXP46.6, SXP291/293 and SXP327]. The structure of these peaks could arise from a variety of causes. For example, absorption from an accretion disc surrounding the pulsar may block light from the Be star/torus when the pulsar is close to inferior conjunction. Alternatively, double-peaked structure may be introduced if the pulsar's orbit is inclined to the Be star's equatorial plane, thereby producing two impact points between the pulsar and Be-star disc. In either scenario the outburst profile would vary, depending on the changing dynamics of the system. While the double-peaked profile of SXP291/293 was stable over ∼17 years, outburst shapes of the other three sources are variable. We note that the orbital periods for three of these systems span a narrow range, from P = 45 to 60 d. However, the orbital period of SXP46.6 is substantially longer at P = 137.97 d. Corbet (1984) presented a relationship between the orbital period and the neutron star's spin period in Be/X-ray binaries. This relation was later expanded to take into account the system's orbital eccen- Table 2 . The filled circles (•) are used for systems with well-determined orbital periods from optical data (OGLE and/or MACHO) . The open circles ( ) represent systems with greater uncertainty for the optical period. The crosses (×) indicate systems for which there are well-established orbital periods from X-ray data that have not been confirmed by optical observations. The solid line represents the fit for systems with the best-known orbital periods, both optical and X-ray. The dashed line is the fit to all systems. tricity (Corbet 1986) . The general formulation is P spin ∝ P 2 orb . A plot of log P spin versus log P orb is now known as a 'Corbet diagram'. Using the most reliable orbital periods, as found in this study or from X-ray data listed in Table 2 , we plot the Corbet diagram shown in Fig. 34 . The best fit to these data is shown by a solid line with a slope of 0.66. The dashed line, with slope of 0.99, includes four additional systems for which the orbital period is somewhat uncertain. Each slope is shallower than the expected value of 2, but the scatter is quite large, with a dispersion of ∼0.63 dex in log P spin relative to the fitted lines. One factor that influences the derived slope and may account for some of the observed scatter is the unknown orbital eccentricity. For a given orbital period, systems with larger eccentricity are expected to have shorter spin periods (Corbet 1986 ). Hence, a shallower slope in the Corbet diagram could arise if systems with shorter orbital periods have lower eccentricities than the longer period systems. However, little is known about the actual eccentricities of systems in our sample. Corbet et al. (2009b) discuss 23 SMC Be/X-ray systems and present a Corbet diagram for these sources. They find the relationship between spin and orbital periods to be similar to that of Milky Way sources. Although no slope is specifically stated, their fig. 4 shows a slope for SMC sources that is considerably less than 2, consistent with our findings. Knigge, Coe & Posiadlowski (2011) have discussed Be/X-ray systems in the SMC, LMC and Milky Way, of which ∼30 are in the SMC. They display a Corbet diagram whose slope is fixed at 2 with a dispersion in log P spin of ∼0.7 dex. They also find evidence for a bimodal distribution of orbital periods in SXP that we do not confirm. The differences are likely due to revisions of poorly known orbital periods or to the recognition of short-period pulsations instead of orbital periods. The OGLE-II observations used in this paper are described by Udalski et al. (1997) , Zebrun et al. (2001) and Szymanski (2005) . The OGLE-III data are available on the XROM website (ogle.astrouw.edu.pl/ogle3/xrom/xrom.html). Information about this site is given by Udalski (2008) .
The Corbet diagram
AC K N OW L E D G E M E N T S
A P P E N D I X A : C O N S I D E R AT I O N S I N T H E I N T E R P R E TAT I O N O F P E R I O D O G R A M S
'Period analysis' describes the process of identifying likely periodicities in a time series data set. A commonly applied technique consists of the calculation of a Lomb-Scargle periodogram (see Horne & Baliunas 1986) and close examination of the trial frequencies having the greatest power. The interpretation of results, however, becomes complicated for observations that are undersampled, like the OGLE and MACHO data examined in this paper. One potential problem is the identification of short-period signals. A second complication can arise if the fundamental period itself is changing. Both issues are addressed in the discussion that follows.
A1 Recognition of short-period signals
The aliasing of periods manifests itself in a periodogram by the presence of a peak, at a fundamental frequency f 0 , that is accompanied by a set of additional peaks at frequencies f 0 ± 1, f 0 ± 2,. . . , and possibly 1 ± f 0 , 2 ± f 0 , etc. These alias peaks are due to the daily sampling intervals present in MACHO and OGLE data sets. Although the pattern of peaks is easily recognized, the proper selection of f 0 might not be straightforward. Some time series analysis algorithms, such as CLEAN (Roberts, Lehar & Dreher 1987) , attempt to identify the underlying value for f 0 by taking into account the data sampling gaps via application of a 'window function'. However, regardless of which analysis tool is used, one is faced with a decision to choose an appropriate range of trial frequencies (or periods).
In practice, the lowest frequency (longest period) to be tested is commensurate with the overall length of the data train. The highest frequency (shortest period) to be searched is not easily defined. In a discrete signal processing system, this limit is called the Nyquist frequency, and its value is half the sampling frequency. For example, if the sampling frequency is 10 kHz, then the Nyquist frequency is 5 kHz. For astronomical data sets like OGLE and MACHO, the typical sampling interval is both long and variable (approximately one day between observations) while the actual sample time is short (usually a few minutes for a single CCD exposure). Under these conditions the highest testable frequency is ambiguous. Some studies take a very conservative approach, adopting a high limit equal to half the daily sampling frequency, or ∼0.5 d −1 . However, because the sampling interval is not strictly uniform, one can extend the search to higher frequencies. For example, Schmidtke & Cowley (2005) identified a signal with P = 0.28 d in MACHO data for SXP701 (XMMU J005517.6−723853). Given a sufficiently long data train, therefore, one might be able to find a coherent signal with a period comparable to twice the sample time.
Since several optical periods found in this work are much shorter than the daily sampling interval of the observations (see Table 2 ), we conducted tests with synthetic time series data to document the ability of the periodogram technique to identify short-period signals. In order to make the procedure as realistic as possible, we adopted the observation times of OGLE-III data for SXP7.78 (SMC X-3) to be a representative distribution. There are 787 observations, spanning nearly 3000 d. The most common sampling intervals between two consecutive data points are ∼1 d (231 times), ∼2 d (259 times) and ∼3 d (114 times). The smallest interval is 0.01 d, while the largest one (a seasonal gap) is 141 d. Prior to adding a test signal, the magnitude level of all points was set to zero, making the trial data sets similar to those used throughout this paper. The test signals were simple sinusoids with a full amplitude of 0.02 mag. Gaussian noise, with σ = 0.01 mag, was included. The noise statistics were produced by a random number generator. Hence, they are unique to each trial data set.
Four synthetic data sets were constructed, with fundamental frequencies equal to 0.1, 0.9, 1.9 and 2.9 d −1 . The corresponding periods are 10, 1.111, 0.526 and 0.345 d, respectively. These frequencies alias not only with each other but also with 1.1, 2.1, 3.1 d −1 , etc. Periodograms, for a range of trial periods between 0.25 and 1000 d, were calculated using our standard data analysis programs. The results are shown in Fig. A1 . In each case the highest peak matches the fundamental period of the test signal. Therefore, we conclude that synoptic observations like OGLE and MACHO can be used to identify periodicities that are much shorter than the daily sampling interval. We also note that if one does not extend the periodograms to sufficiently high frequencies, then the true periodicity would not be properly identified. Indeed, in these examples it is possible that the long-period alias at P = 10 d might be chosen by mistake, even though the correct period is ∼1 d or less.
To investigate the possibility that a very long period signal might be confused with one its short-period aliases, another synthetic data set was created for f 0 = 0.01 d −1 (P = 100 d), leaving the remaining parameters unchanged. The calculated periodogram is shown in Fig.  A2 . The highest peak occurs at the fundamental frequency, while weaker peaks are present near the frequencies of 1, 2, 3 d −1 , etc. These aliases occur in closely spaced pairs that are separated by f ∼ 0.02 d −1 , which corresponds to twice the input value for f 0 . Clearly, for this example, the proper long period is recovered in the analysis, and there is no confusion with any of the short-period aliases.
A2 Effects of a variable period
Variations in optical periods have been reported for several Be/X-ray pulsars. For example, Schmidtke & Cowley (2005) and Coe et al. (2002) discussed the period history of SXP323 (DZ Tuc), in which the optical pulsations of MACHO and OGLE-II observations varied by 0.16 per cent, from 0.7077 to 0.7088 d. Similarly, both Schmidtke & Cowley and Fabrycky (2005) found short-period pulsations with varying periods in data for SXP701. The variations were as large as 0.34 per cent.
To illustrate possible effects of a variable period on the calculation of periodograms, we constructed time series data sets in which the magnitude, m i , at a time, t i , is given by
where A and T 0 are fixed values for the semi-amplitude and time of minimum light, respectively, and r i is random noise with a Gaussian distribution. For simplicity, we assumed that the period changes linearly with time. The instantaneous value of the period, P i , is given by
where P 0 is the fundamental period corresponding to T 0 , andṖ is the rate of change, expressed here in units of d d −1 . Similar to calculations in the previous section (A1), we used the OGLE-III observation times for SMC X-3. The following values were fixed for all data sets: A = 0.01 mag, P 0 = 0.98 d, T 0 = JD 245 2500 and σ = 0.01 mag (the Gaussian noise). The value forṖ was set to one of five test values between zero and 3 × 10 −6 d d −1 , which spans the range of observed values. Because the ability to identify periodicities depends on the number of points analysed, we also split the data into four subsets with different durations, corresponding to one, two, four or eight years (or seasons) of OGLE-III observations.
Periodograms were calculated for each of the 20 combinations oḟ P and data subset duration. We determined not only the peak power at the fundamental period (0.98 d) but also the relative strengths of peaks at two aliases (49 d and 1.02 d), normalized to the power at Table A1 . Results for synthetic data sets with a variable period.
P
Subset duration Power P = 0.98 Power P = 49 /Power P = 0.98 Power P = 1.02 /Power P = 0.98 ( × 10 −7 dd −1 ) ( y the fundamental period. Five independent trials were made for each combination. The results are presented in Table A1 and shown in Fig. A3 . The peak power at P = 0.98 d is plotted in the top panel of the figure. Line segments on the left side show the value that corresponds to a constant signal (i.e.Ṗ = 0). The power tends to be greatest for smaller values ofṖ and for longer duration subsets, as expected. WhenṖ increases, power at the 0.98-d period diminishes. This is most apparent for the long-duration subsets. The middle panel of Fig. A3 shows the relative power of the 49-d alias, normalized to the power at the fundamental period of 0.98 d. A typical value is 0.8-0.9 for a constant signal or for small values ofṖ . Hence, the proper period would be readily recognized in the periodogram. However, asṖ increases, the relative power of the alias rises substantially, exceeding 1.2 in some individual trials. When this value is >1, the long-period alias might be erroneously identified as the primary one. The implied changes in the long period are so small that they would not be evident in periodograms, even for data sets lasting multiple years. The bottom panel of the figure shows similar results for the alias at 1.02 d. The relative power of this peak is low (about 0.6-0.7) for a small (or zero)Ṗ , and there is no confusion as to the identification of the fundamental period. Aṡ P increases, however, power shifts from the peak at P = 0.98 d to the one at P = 1.02 d, thereby complicating the identification of the true period. Based on these examples we conclude that a sinusoidal signal with a variable short period has the effect of reducing power at the fundamental period while increasing the relative strength of its longer period aliases.
